Equine infectious anemia (EIA) virus which was propagated on an equine dermal cell line agglutinated guinea pig erythrocytes. Viral fluids containing about 107-5 mean tissue culture infective doses/ml showed hemagglutinating (HA) titers ranging from 16 to 32 units/0.05 ml. Results of cesium chloride equilibrium density gradient centrifugation revealed that the hemagglutinin was inseparable from the virus particles. The hemagglutination reaction persisted over a wide range of temperature and pH, and the absence of divalent cations did not decrease its activity. The HA activity was stable at 4°C but not at 5600. The activity was destroyed by virus-disrupting lipid solvents and moderately sensitive to a proteolytic enzyme. Neuraminidase enhanced HA activity slightly. Phospholipase C had no effect on HA titer, although it completely inactivated infectivity. It was relatively stable to ultraviolet irradiation. Thus, the hemagglutinin appears to be closely associated with virus particles, and its activity is dependent on the presence of its lipids and proteins. Hemagglutination was inhibited by sera from horses infected with EIA virus. Hemagglutinin receptors on the erythrocytes were inactivated by a proteolytic enzyme and formaldehyde but were not influenced by neuraminidase, sodium deoxycholate, or KIO4.
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Equine infectious anemia (EIA) is an acute or chronic viral disease of the horse and other equidea. The characteristics of this disease are intermittent fever with viremia (5, 10), anemia (3), progressive weakness (3), and persistent viral infection for life (22) . Some properties ofEIA virus are similar with those of ribonucleic acid (RNA) tumor viruses (20) . It is an enveloped ribonucleic acid virus (18) that is sensitive to ether (16) . It has a deoxyribonucleic acid (DNA)-dependent stage in its growth cycle (11) and contains an enzyme that produces DNA from viral RNA template (RNA directed DNA polymerase) (H. Nakajima et al., Annu. Meet. Jpn. Soc. Vet. Sci., 80th, 1975) . It is also relatively resistant to ultraviolet irradiation (15) .
Electron micrographs have shown that EIA virus matures by the budding process on the cell surface (11, 23) , and viral particles appear pleomorphic, although most are nearly spherical with diameters between 90 and 140 nm (17, 23) .
Serologically, ELA viruses possess at least two different antigens, i.e., one associated with the envelope and the other associated with the nucleocapsid. The former is a strain-specific antigen and is detectable by neutralization (9, 12) . The latter is a common antigen among various strains of EIA virus and is detectable by complement fixation (CF) (6, 7) and immunodiffusion tests (1, 19) .
There has been no previous report on hemagglutination by EIA virus, probably due to the inability to obtain high concentrations of highly purified virus. Recently, however, these difficulties have been eliminated by the establishment of a EIA virus-infected cell line that produces high concentrations of virus and can be further concentrated and partially purified (14) . This development prompted us to reinvestigate the hemagglutinating (HA) activity of EIA virus, and it was found that EIA virus agglutinates guinea pig erythrocytes. This Infectivity titration. These were carried out by the end point method in tube cultures of normal horse leukocytes (8) . After inoculation with 0.1 ml of serial 10-fold dilutions ofviral material, the cultures were kept at 370C until cells were greatly damaged. Culture fluids were harvested and subinoculated two times onto horse leukocyte cultures, and the infective end point was determined by testing the CF activity of each culture fluid. The infectivity was expressed as the mean tissue culture infective dose per milliliter.
CF tests. Each sample to be tested was mixed with an equal volume of ethyl ether at room temperature for 10 min. After removing the ethyl ether by centrifugation and evaporation, it was ready for use in the CF test. The CF tests were carried out by the method described previously (7, 8) .
Hemagglutination and HI test. The microtiter method was used. To each serial twofold HA antigen dilution in 0.05 ml, an equal volume of 0.5% erythrocytes (RBC) in PBS (pH 7.2) was added. The mixture was incubated at room temperature for at least 3 h. The reciprocal of the highest virus dilution showing complete hemagglutination was considered as the HA titer (HA units/0.05 ml).
In hemagglutination inhibition (HI) tests, 4 HA units of antigen in 0.025 ml was added to each serial twofold dilution of serum in 0.025 ml of PBS. After incubation for 60 min at 37°C, 0.05 ml of a 0.5% guinea pig RBC suspension in PBS was added. The tests were allowed to stand overnight at room temperature and read the following morning. The reciprocal of the highest serum dilution showing complete inhibition of hemagglutination was considered as the HI titer.
Preparation of sera for HI titers. To remove nonspecific HA inhibitors, each 0.25-ml serum samp!e was diluted with an equal volume of PBS, heated at 56°C for 30 min, and mixed with 0.5 ml of 25% kaolin solution of PBS. The mixture was held at room temperature for 20 min with occasional shaking and then centrifuged at 1,000 x g for 20 min. To the supernatant fluid, 0.1 ml of packed washed guinea pig RBC was added to absorb isohemagglutinins which occasionally appeared after a feverish condition. Adsorption took place at room temperature for 20 min with occasional shaking, after which the sample was centrifuged for 10 min at 1,000 x g. The supernatant fluid was then ready for use in the HI test as a 1:4 dilution.
Treatment of EIA virus hemagglutinin with chemicals and enzymes. One volume of the various test reagents was mixed with 10 volumes of HA antigen. The final concentration of the reagents used, temperature, pH, and time periods of treatment are shown in Table 1 . Trypsin (bovine pancreas, type 2, 2x crystallized) and neuraminidase (Clostridium perfringens type V, purified) were obtained from Sigma Chemical Co., St. Louis, Mo., and phospholipase C (Bacillus cereus) was from Boehringer Mannheim Corp., New York, N.Y. Control hemagglutinin samples, preserved or handled under identical conditions without treatment, were titrated for HA activity in parallel with treated samples. Reagent alone was also used as a control to test its direct effect on RBC.
Ultraviolet irradiation on the EIA virus hemagglutinin. Portions (0.5 ml) of four identical HA antigen samples containing 16 HA units were placed in petri dishes (14-mm diameter) and irradiated by a 15-W germicidal lamp at a distance of 34 cm with continuous shaking. One sample was taken 5, 10, 20, and 30 min after initiating irradiation to determine the rates of inactivation of HA activity and infectivity (Table 2) .
Thermal stability of EIA virus hemagglutinin. HA antigen was held at 40, 370, and 56°C for given periods of time as shown in Table 3 and immediately preserved at -80°C. After incubation of the final antigen at each temperature, HA activities of all samples were titrated at one time.
Equilibrium density gradient centrifugation of EIA virus hemagglutinin. Four milliliters of the antigen was carefully overlaid onto 1 ml of a saturated cesium chloride (CsCl) solution. The material was centrifuged without mixing at 40,000 x g for 22 h in an SW50.1 rotor of a Beckman L2-65B ultracentrifuge. The fractionation of the solution into 0.25-ml portions was carried out using an ISCO model D density gradient fractionator. The density of fractions was determined by the gravimetric method using 10-,ul capillaries (Drumond Scientific Co., Broomall, Pa.). Selected fractions were tested for virus infectivity and concentration of CF and HA antigens.
Adsorption of EIA virus onto guinea pig RBC. One milliliter of virus fluid and 0.5 ml of washed packed guinea pig, horse, or goose RBC were mixed and held overnight at 4°C. The mixture was then centrifuged at 1,000 x g for 20 min. The resultant supernatant fluid was tested for virus infectivity.
Treatment of RBC with various reagents. A 0.5% suspension of guinea pig RBC in PBS was mixed with an equal volume of each reagent in PBS. The incubation times, temperatures, and reagent concentrations are shown in Table 5 . The RBC were then washed three times with PBS and resuspended in the original volume of PBS. HA titrations were made in parallel with treated and untreated RBC.
RESULTS
Hemagglutination with RBC from various species. RBC from horses, cows, sheep, rabbits, guinea pigs, mice, geese, and chickens were subjected to HA tests. Only RBC from guinea pigs were agglutinated consistently, and of 20 samples tested all were equally susceptible to agglutination. The RBC concentration that showed a high and reproducible titer was a 0.5% suspension (Fig. 1) .
Effect of various temperatures and pH values on the HA reaction. No difference in HA titers was observed at 40C, room temperature, and 37°C. The hemagglutination pattern was Adsorption of infective EIA virus onto guinea pig RBC. Infectivity of the viral fluid which was mixed with guinea pig RBC was decreased about 10-fold, but other fluids which were mixed with horse and goose RBC showed no definite decrease in infectivity, indicating that the virus was adsorbed only onto guinea pig RBC (Table 4) .
Attempts to characterize the receptors of hemagglutinin by treatment of RBC with various compounds. Trypsin and formaldehyde had detrimental effects on the agglutinability of RBC. Neuraminidase, KIO4, and sodium deoxycholate, on the other hand, had no effect (Table 5) .
HI antibody in the infected horse serum. HA activity was inhibited by antisera collected from horses infected with EIA virus (Table 6) . HI antibody was first detected 2 to 3 months after infection and persisted at least until 270 days. The HI titers observed were in a range of 1:16 to 1:256 (Fig. 3) .
Nonspecific HA inhibitors or isohemagglutinins were found in some sera. However, they were always removed by treatment with kaolin and adsorption with guinea pig RBC, without influencing HI antibody titers.
DISCUSSION
Since HA activity of EIA virus could not be separated from infectivity or CF antigen, which is a component of the virus particle (4), or by CsCl gradient centrifugation, and since the infectivity of viral material mixed with guinea (2) . The only exception, to our knowledge, is the rabies virus, the hemagglutinin of which is ether sensitive. In comparing EIA virus hemagglutinin with that of rabies virus, we noticed that they differed in basic properties. Rabies virus hemagglutinin activity is completely destroyed by trypsin and phospholipase C and is not influenced by ultraviolet irradiation (13) .
The hemagglutinating property of EIA virus was enhanced by treatment with neuraminidase, whereas murine leukemia virus treated with the same enzyme revealed hemagglutinating properties not shown by untreated virus (21) . However, phospholipase C that enhances Since the agglutinability of RBC was eliminated by trypsin and formaldehyde, and since KI04, sodium deoxycholate, and neuraminidase treatment failed to inactivate the reactivity, the results suggest that the activity is associated primarily with the proteins of the erythrocyte surface, most probably the receptors, rather than with carbohydrate or lipid residues, and these receptors for EIA virus hemagglutinin are different from those for myxoviruses (2) . Antibodies against EIA virus have been demonstrated by CF (6), immunodiffusion (1, 19) , and neutralization (5) tests. In the present studies, sera from infected horses showed high HI titers, with the highest being greater than 1:256. The HI antibody, which appeared relatively late (60 to 150 days) after inoculation and which persisted for a long period, similar to neutralizing antibody (5, 12) , is distinguishable from CF and immunodiffusion antibodies, which can be detected soon after the onset of infection (1, 6, 19) . Studies on the relationship between HI and neutralizing antibodies still remain for future investigations.
It has been reported that there are many immunologically distinct types of EIA virus (9, . It remains to be determined whether all possess HA activity and whether the hemagglutinins are common or type specific.
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